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INTEGRATED SNUBBER IN A SINGLE POLY 
MOSFET 

CLAIM OF PRIORITY 

0001. This application is a continuation of commonly 
assigned U.S. patent application Ser. No. 13/943,156, filed 
Jul. 16, 2013, the entire contents of which are incorporated 
herein by reference. U.S. patent application Ser. No. 13/943, 
156 claims the priority benefit of U.S. Provisional Patent 
Application No. 62/776,276, filed Mar. 11, 2013, the entire 
contents of which are incorporated herein by reference. 

FIELD OF THE DISCLOSURE 

0002 This disclosure generally relates to transistors and 
more particularly snubber circuits for use in metal oxide 
silicon field effect transistors (MOSFET) transistor applica 
tions. 

BACKGROUND OF THE DISCLOSURE 

0003. One of the benefits of a using a MOSFET device is 
the high rate at which the device can be switched from an “on” 
state to an “off” state. Faster switching allows for a more 
efficient device, but it also creates undesirable waveforms that 
may negatively affect the device. Specifically, a MOSFET 
device may be under high stress because the maximum Volt 
age and maximum current must be Supported simultaneously. 
This may cause the device to exceed the safe operating area 
(SOA) and result in device failure. Therefore snubbers, such 
as a resistor-capacitor (RC) Snubber, or a resistor-capacitor 
diode (RCD) snubber, are often used to improve the switching 
waveform in order to reduce the peak voltage and current. A 
typical RC snubber circuit 100 integrated with a MOSFET 
device 110 is shown in FIG. 1A. In the Snubber circuit 100 a 
snubber capacitor 118 and snubber resistor 119 are connected 
in series with each other and in parallel with the MOSFET 
device 110. In the MOSFET device 110 the capacitor 117 is 
the source to drain capacitance Cs inherent in the device. 
Additionally, the node 114 is maintained at gate potential, 
node 115 is maintained at drain potential, and node 116 is 
maintained at Source potential. 
0004. A cross sectional view of a MOSFET device 110 
that incorporates a snubber circuit is shown in FIG. 1B. In the 
figure the MOSFET device is a shielded gate trench (SGT) 
MOSFET device. It should be noted that the electrical con 
nection between the source 112 and the shield electrode 113 
(in addition to the snubber resistor 119) are not visible in this 
cross sectional view, and therefore are represented with sche 
matic connections. A typical SGT MOSFET device has a 
trench lined with an insulative material 126. The insulative 
material 126 also electrically isolates the shield electrode 113 
from the gate electrode 124. A source contact 146 may con 
nect the source material 112 to the source region 128 that is 
formed in the body layer 127. A drain contact 129 may also be 
formed on a bottom surface of the device 110. 
0005. However, despite the benefits of having a snubber 
circuit integrated with a MOSFET device, the presence of the 
snubber resistor 119 may actually decrease the breakdown 
Voltage V of the device. For example, during the turn-off of 
an SGT MOSFET device 110, the presence of a snubber 
resistor 119 causes the shield voltage to increase above the 
Source Voltage because of displacement drain current going 
through shield resistor. The difference in the potentials 
between the shield electrode 113 and the source 112 may 
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cause a reduction in V. The device may breakdown during 
switching and hence reduces the reliability of the device. 
0006. Therefore, there is a need in the art to provide a 
Snubber circuit that has a higher resistance during the begin 
ning of Switching to reduce displacement current and there 
after has a low resistance near the middle of switching in order 
to get have an optimized waveform without sacrificing V. 
0007. It is within this context that aspects of the present 
disclosure arise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1A is schematic diagram of typical snubber 
circuit incorporated with a MOSFET device. 
0009 FIG. 1B is a cross sectional view of an SGT MOS 
FET device that has a snubber circuit incorporated into the 
device. 
0010 FIG. 2A is a circuit diagram depicting a generic 
version of a snubber circuit with a dynamically variable resis 
tor according to various aspects of the present disclosure. 
0011 FIG. 2B is a circuit diagram of a drain controlled 
dynamically variable resistor according to various aspects of 
the present disclosure. 
0012 FIG. 2C is a circuit diagram of a gate controlled 
dynamically variable resistor according to various aspects of 
the present disclosure. 
0013 FIG. 2D is a circuit diagram depicting a generic 
version of a snubber circuit with a drain controlled variable 
resistor and a gate controlled variable resistor in series 
according to various aspects of the present disclosure. 
0014 FIG. 2E is a circuit diagram depicting a generic 
version of a snubber circuit with a drain controlled variable 
resistor and a gate controlled variable resistor in parallel 
according to various aspects of the present disclosure. 
0015 FIGS. 3A-3D are graphs that depict a generalized 
relationship between the resistance of dynamically variable 
resistors and the gate voltage of the MOSFET device. 
0016 FIGS. 4A-4B are cross sectional views of a MOS 
FET device that has gate controlled dynamically variable 
resistors incorporated into the device. 
0017 FIG. 4C is a cross sectional view of a MOSFET 
device that has a drain controlled dynamically variable resis 
tor incorporated into the device. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

0018. Although the following detailed description con 
tains many specific details for the purposes of illustration, 
anyone of ordinary skill in the art will appreciate that many 
variations and alterations to the following details are within 
the scope of the invention. Accordingly, the exemplary 
embodiments of the invention described below are set forth 
without any loss of generality to, and without imposing limi 
tations upon, the claimed invention. In the following discus 
sion, an N type device is described for purposes of illustra 
tion. P type devices may be fabricated using a similar process 
but with opposite conductivity types. 
0019 Aspects of the present disclosure describe snubber 
circuits 101 for use in MOSFET applications where the resis 
tor 119 is replaced with a dynamically variable resistor 220. 
As shown in FIG. 2A the basic structure of the snubber 101 is 
similar to snubber circuit 100 except for the replacement of a 
passive resistor 119 that has substantially constant resistivity 
with a dynamically variable resistor 220 that is capable of 
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varying its resistivity during switching events of the MOS 
FET device. As used herein a “switching event may refer to 
the switching from an “on” state to an “off” state, or from an 
“off state to an “on” state. The use of a dynamically variable 
resistor 220 in a snubber circuit 101 has several benefits. First, 
the variable resistance allows for additional freedom to con 
trol the Voltage and current overage and dynamic breakdown 
during the Switching event. This is possible because the vari 
able resistance allows for the switching waveform to be 
altered without degrading the device's reliability. Specifi 
cally, an optimized combination of dynamically variable 
resistors 220 according to various aspects of the present dis 
closure may be incorporated into a MOSFET device in order 
to have a resistance that is high during the beginning of 
Switching in order to reduce displacement current but 
switches to a low resistance in the middle and the end of 
Switching in order to provide a good waveform without 
breaking down during the Switching event. 
0020. In FIG. 2A the dynamically variable resistor 220 is 
simply shown as a rectangular box in order to indicate that 
there are multiple types devices that may be used. According 
to aspects of the present disclosure, the dynamically variable 
resistor 220 may be a three terminal resistor. By way of 
example, and not by way of limitation, the three terminal 
resistor may be a depletion MOSFET, an enhancement MOS 
FET that is connected in parallel with a passive resistor 119, 
a JFET, a thin film transistor (TFT) MOSFET, or any other 
similar three terminal structures known in the art. The 
dynamic variable control of the resistor is provided by the 
third terminal. The third terminal functions substantially 
similar to a gate electrode in FET devices because it regulates 
the flow of current between the first and second terminals of 
the resistor. Therefore, as used herein the dynamically vari 
able resistors third terminal may also be referred to as the 
“resistor gate'. However, it should be noted that the resistor 
gate is not necessarily maintained at the gate potential 114 of 
the MOSFET device. According to aspects of the present 
disclosure the resistor gate may be maintained at either the 
drain potential 115 or the gate potential 114. In FIG. 2B, a 
circuit diagram is provided that illustrates an aspect of the 
present disclosure where the resistor gate is connected to the 
drain potential 115 of the MOSFET device. As used herein, a 
dynamically variable resistor with the resistor gate main 
tained at drain potential 115 may also be referred to as a 
“drain controlled resistor 220,. In FIG.2C, a circuit diagram 
is provided that illustrates an aspect of the present disclosure 
where the resistor gate is connected to the gate potential 114 
of the MOSFET device. As used herein, a dynamically vari 
able resistor with the resistorgate maintained atgate potential 
114 may also be referred to as a “gate controlled resistor” 
220. 
0021. The change in resistivity of a dynamically variable 
resistor 220 with respect to the change in the gate voltage V. 
of the active MOSFET device is dependent on whether the 
resistor 220 is gate controlled or drain controlled. The line 
331 in FIG. 3A shows the general relationship between the 
resistivity with respect to V for a gate controlled resistor 
220g. As may be seen, when V is low, the resistor's resis 
tance is relatively high. Then, as the gate potential begins to 
increase, the resistivity of the resistor 220 deceases. The line 
332 in FIG. 3B shows the general relationship between the 
resistivity with respect to V of the active MOSFET device for 
a drain controlled resistor 220. As may be seen, when the 
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gate potential is low, the resistivity of the resistor 220, is low. 
Then, as the gate potential begins to increase the resistivity of 
the resistor increases as well. 
0022. According to additional aspects of the present dis 
closure, more complex relationships between resistivity and 
V may be obtained by using two or more resistors 220 in 
various electrical configurations. For example, a gate con 
trolled resistor 220 may be connected in series with a drain 
controlled resistor 220, e.g., as depicted in FIG. 2D. The 
general relationship between the combined resistance of the 
two resistors in series with respect to the gate Voltage of the 
MOSFET device is shown by line 333 in FIG.3C. As may be 
seen, the resistance is initially high when V is low, it 
decreases to a minimum resistance, and ultimately begins to 
increase at higher values of V. Alternatively, the gate con 
trolled and drain controlled resistors 220, 220, may be 
connected in parallel, e.g., as depicted in FIG. 
0023 2E. The general relationship between the combined 
resistance with respect to V is shown by line 334 in FIG. 3D. 
The behavior of the combined resistance is substantially 
opposite to that of the combined resistance when the two 
resistor types are connected in series. As such the resistance 
begins low at low values of V, increases until it reaches a 
peak resistance, and ultimately decreases at higher values of 
V g 
(0024 FIGS. 3A-3D depict four different connection con 
figurations that may be used to dynamically control the resis 
tance of the snubber circuit 101. Additionally, a traditional 
constant resistance resistor 119 may be incorporated with any 
of the other four resistor configurations. Therefore, when 
customizing the wave form with dynamic variable resistors, 
there are at least five general configurations and five corre 
sponding general resistance-V, relationships that may be uti 
lized in order to optimize the desired wave form: 1) drain 
controlled resistor; 2) gate controlled resistor; 3) constant 
resistance resistor; 4) drain controlled resistor in series with 
gate controlled resistor; and 5) drain controlled resistor in 
parallel with gate controlled resistor. In order to build a 
desired snubber circuit 101, any number of each resistor type 
and/or any number of electrical circuit configuration combi 
nations may be used. It is noted that aspects of the present 
disclosure include implementations involving series or par 
allel or mixed series/parallel combinations of two or more of 
these general configurations. 
0025 FIGS. 4A-4C are cross sectional views of a MOS 
FET device 411 that incorporates dynamic variable resistors 
420 according to various aspects of the present disclosure. For 
simplicity, the cross sectional views depict a thin film tran 
sistor (TFT) MOSFET, but it should be clear to those skilled 
in the art that alternative thee terminal resistor devices, such 
as, but not limited to, a depletion MOSFET, an enhancement 
MOSFET in parallel with a fixed resistor, or a JFET, utilize 
Substantially the same operating principles. Additionally, the 
active MOSFET structures are shown as shielded-gate trench 
MOSFETs, though any MOSFET device may benefit from 
the use of dynamic variable resistors according to aspects of 
the present disclosure. By way of example, anSGT MOSFET 
structure may be formed on a semiconductor substrate 455, 
such as silicon wafer. A drain contact 429 that is maintained 
at drain potential 115 may be formed on a bottom surface of 
the substrate. The substrate 455 may be separated into an 
active region 444 and a termination region 445. The active 
device structures are located in the active region 444. The 
active device structures may comprise typical layers and for 
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mations, such as a body layer 427, a source layer 428, and a 
trench lined with an insulative material 426, such as an oxide 
material. The trench may have multiple conductive electrodes 
electrically isolated from each other by the insulative material 
426, such as a shield electrode 413, and a gate electrode 424 
that is maintained at a gate potential 114. 
0026 FIG. 4A is a cross sectional view of a gate controlled 
dynamic variable resistor 420. The resistor 420 is formed 
above the gate electrode 424 formed in the trench. An oxide 
layer 425 separates the resistor from the gate electrode 424. In 
FIG. 4B, an active device is shown along a plane running 
parallel to the length of the device trenches. From this view, 
the source terminal 421, the body 422 and the drain terminal 
423 of the resistor 420 may be seen. The source, body, and 
drain may be made of a semiconductor material. By way of 
example, they may be made from polysilicon. The Source 
terminal 421 and the drain terminal 423 of the resistor may be 
heavily doped. By way of example, and as used throughout 
the rest of the description, the source and drain may be heavily 
n" doped. By way of example, the doping concentration at 
each end of the resistor may be approximately 5x10'/cm 
(requirement for Ohmic contact). The body region 422 of the 
resistor may be a lightly doped in region. By way of example, 
the doping concentration of the area between the end regions 
may be approximately 1x10"/cm. The doping concentra 
tion of the body determines the resistor value when the gate 
Voltage is at Zero. Alternatively, the middle region may be 
p-doped when used in aspects of the present disclosure that 
utilize an enhancement MOSFET for the resistor. 

0027. The third terminal of the gate controlled resistor 
420 is the gate electrode 424 formed in the trench. As such, 
the resistor gate needed for the resistor 420 is already Sup 
plied by the active MOSFET device, and no additional pro 
cessing (other than forming the Source, body, and drain above 
the device trench) is needed to provide a third terminal con 
nected to the gate potential 114. 
0028 FIG. 4C is a cross sectional view of a drain con 
trolled dynamic variable resistor 420, according to an aspect 
of the present disclosure. A channel stop trench 450 is used to 
divide the Substrate into the active region 444 and a termina 
tion region 445. From the perspective shown in FIG. 4C the 
active region 444 is to the right of the channel stop, and the 
termination region 445 is to the left of the channel stop. The 
channel stop trench 450 may be a trench lined with an insu 
lative material 441. Such as an oxide, and filled with a con 
ductive material 442, such as polysilicon. While a channel 
stop trench is shown in FIG. 4C, it should be noted that any 
sort of termination structure used to isolate an active region 
444 from the termination region 445 may be used in accor 
dance with aspects of the present disclosure. 
0029. The source and drain terminals 421, 423 and the 
body 422 of the drain controlled resistor 420, are substan 
tially similar to that of the gate controlled resistor 420 
described above. However, instead of being located in the 
active region 444 and above a gate electrode 424, the drain 
controlled resistor 420, is located in the termination region 
445 and separated from the body layer 427 by an oxide layer 
425. The far left edge of the substrate 455 is a scribe line 443. 
The scribe line 443 is the location where individual device 
dies are separated. The scribe line 443 creates a short circuit 
to the drain contact 429. As such, the body region 427 shown 
in the termination region is held at drain potential 115. Since 
the body region 427 is at drain potential 115, it may be used 
as the resistorgate for a drain controlled resistor 420,. There 
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fore, there is no additional need to make a separate drain 
terminal contact in the fabrication of a drain controlled resis 
tor, when the drain controlled resistor 420, is formed above 
the body layer 427 in the termination region 445. 
0030. While the above is a complete description of the 
preferred embodiment of the present invention, it is possible 
to use various alternatives, modifications and equivalents. 
Therefore, the scope of the present invention should be deter 
mined not with reference to the above description but should, 
instead, be determined with reference to the appended claims, 
along with their full scope of equivalents. Any feature, 
whether preferred or not, may be combined with any other 
feature, whether preferred or not. In the claims that follow, the 
indefinite article 'A', or "An' refers to a quantity of one or 
more of the item following the article, except where expressly 
stated otherwise. The appended claims are not to be inter 
preted as including means-plus-function limitations, unless 
Sucha limitation is explicitly recited in a given claim using the 
phrase “means for.” 
What is claimed is: 
1. A transistor device, comprising: 
one or more gated structures formed in a semiconductor 

Substrate, wherein the one or more gated structures com 
prise one or more metal-oxide-semiconductor field 
effect transistor (MOSFET) structures each having a 
gate terminal, a drain terminal and a source terminal; 

a snubber circuit connected in parallel with the one or more 
gated structures, wherein the Snubber circuit includes 
one or more resistors with a dynamically controllable 
resistance controlled by changes to a control a gate 
potential of the one or more gated structures during a 
Switching event. 

2. The device of claim 1, wherein the one or more resistors 
with the dynamically controllable resistance are formed 
above a gate electrode of one or more of the MOSFET struc 
tures. 

3. The device of claim 2, wherein the one or more resistors 
are three terminal resistors, having a source terminal, a drain 
terminal, and a gate terminal, wherein the gate terminal is the 
gate electrode of one or more of the MOSFET structures. 

4. The device of claim 1, wherein the one or more resistors 
with a dynamically controllable resistance are thin film tran 
sistor (TFT) MOSFETs. 

5. The device of claim 1, wherein the one or more resistors 
with a dynamically controllable resistance are depletion 
MOSFETs. 

6. The device of claim 1, wherein the one or more resistors 
with a dynamically controllable resistance are enhancement 
MOSFETs connected in parallel with a passive resistor. 

7. The device of claim 1, wherein the one or more resistors 
with a dynamically controllable resistance are JFETs. 

8. A transistor device, comprising: 
one or more gated structures formed in a semiconductor 

Substrate, wherein the one or more gated structures com 
prise one or more metal-oxide-semiconductor field 
effect transistor (MOSFET) structures each having a 
gate terminal, a drain terminal and a source terminal; 

a snubber circuit connected in parallel with the one or more 
gated structures, wherein the Snubber circuit includes 
one or more resistors with a dynamically controllable 
resistance controlled by changes to a control a drain 
potential of the one or more MOSFET structures during 
a Switching event. 
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9. The device of claim 8, wherein the one or more resistors 
with the dynamically controllable resistance are formed in a 
termination region of the transistor device, wherein the semi 
conductor Substrate in the termination region is maintained at 
the drain potential of the one or more MOSFET structures. 

10. The device of claim 9, wherein the one or more resistors 
are three terminal resistors, having a source terminal, a drain 
terminal, and a gate terminal, wherein the gate terminal is the 
semiconductor Substrate in the termination region that is 
maintained at the drain potential of the one or more MOSFET 
Structures. 

11. The device of claim 8, wherein one or more of the 
resistors with the dynamically controllable resistance is con 
trolled by changes to both the drain potential of the one or 
more MOSFET structures during a switching event and by 
changes to a gate potential of the one or more MOSFET 
structures during a Switching event, and wherein one or more 
of the resistors with the dynamically controllable resistance is 
controlled by changes to the drain potential of the one or more 
MOSFET structures during a switching event. 
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12. The device of claim 11, wherein one or more of the 
resistors controlled by the gate potential and one or more of 
the resistors controlled by the drain potential are connected in 
parallel with each other. 

13. The device of claim 11, wherein one or more of the 
resistors controlled by the gate potential and one or more of 
the resistors controlled by the drain potential are connected in 
series with each other. 

14. The device of claim8, wherein the one or more resistors 
with a dynamically controllable resistance are thin film tran 
sistor (TFT) MOSFETs. 

15. The device of claim8, wherein the one or more resistors 
with a dynamically controllable resistance are depletion 
MOSFETs. 

16. The device of claim8, wherein the one or more resistors 
with a dynamically controllable resistance are enhancement 
MOSFETs connected in parallel with a passive resistor. 

17. The device of claim8, wherein the one or more resistors 
with a dynamically controllable resistance are JFETs. 
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